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are given in reference 1. The gresent report gives the reaults 
02 the t e a t a  made to determine t h e  lateral stx3bility charaateristios. 

ar!& of yaw, degrees; poaitive ,with l e f t  wing forgard  

€zag18 of attack of ,fueslage reference line r s la t fve  t o  

, .  

free-stream direction, degrees 



.*. 

?. 

.. 
c 

NACA RM No. L6Ll.8 3 



4 NACA RM No. L6Ll8 

flight aondition a t  approxjmately 5' imrements of angle of yaw 
between -I-l?*. For each flight cozdition, .tects were made of the 
airplane with the pr@eller* both raiovad end operatirg and with 
the vertica.1 t a i l  surface  both removed and in  place. 

For the t e s t a  wi th  Y2e propeller opol-at-ing, it FTBB dssired 
t o  sim.:hte ti19 variations ahom in T i g r e  4 of th rus t  and torque 
coef f ic ien t  with lift coeff ic ient  for collE;tant--power operation 
a t  388 level .  It was found t3at ,tSese relationships  could  veyr 
nearly be reprochcad with a somtant  gro-geller-bladeangle  setclng I '  

o f  24.8' measured a t  the 0.73 radius ; 5 c x e  , this blad-gle 
ee t t fng  we8 used for a l l  tho  t e s t s .  with the propeller operating. 
A coinparison of the .var ia t ion of thrust coef f ic ien t  wi th  torque 
coe f f i c i en t   fo r  conatmt-powar  operation and for t f l e  propeller 
with a blede--a@.e aa.i;ting of 24.8" mea.sured at t h e  0-75 raClue 
is shown in figure 5 .  For the Idlix-power conclit ior?,  the engine 
was run st the lowest speed canoidsrsd possible (700 rpm) without  
fouling t he   e rg lm spark p l q p ,  The t h r m t  a13 torque coeffi-  
cients  thua obtained for the idling-pcwor  conditions were 0.01 
and 0.005, respectively. 

EJi'SULTS ANI DISCUSSION 

The data are given i n  standard nomSmensiona1 coef f ic ien t  
form with  respect to t he   a t ab i l i t y  axee and center-of-gra~iLy 
location shorn i n  figure 1. The steMli5y 828s are a syatem of 
axea having their origla a'; the   center  of gmvfty azd i n  which 
the Z-axis is in the plane of spnmetry and perpendicular t o  the  
relative K i n d ,  the  X-axis i's .in ths pkrle of symnetxy and per- 
pendioular t o  t h e  Z-axis, end the Y-axis i s , p e q a n d i c u l a r  t o  the 
plane of symmetqy. 

The reeul t s  of the force tests are i v m  i n  f i g n e s  6 and 7 
which ahow the  var ia t ion3 of C 2 wfth % f o r  Each of the eight 
t e a t  comlitio.ns listed i n  %ble 7. For each t e s t  cc1iiition,cume8 
are presented for the complete airplane,  for the airplane with 
the pro1:sller removed, f o r  the  airglsne with tho  vertical ta i l  
r a w e d ,  aud for the ailpime with both t h e  propel ler  
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Yeytical tailw- The increment6 of C.1 et 8 ~ ~ ~ 1 1  angles of ' q r  
yaw (I$ = A3O) due to the addition of t-he v3rtical  t a i l  to the 
siqlazte are @van in figL?e 9. With the flap retrzcted, the 
contribution of the ve r t i ca l  tail t o  C desresess from 

about 0.0002 .st a = 1.00 to about 0 for angles of attack greater 
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than &?.go. (See f i g .  9.) At low ~ x i g 1 . c ~  of at tack the center  of 
pressure of the v e r t i c a l  tail is above the cunter of gravity of 
the airplane whfch rea!llfx i n  an increment of posi t ive dihedral  
sf'fec t . Tkse f low ccnhi t ima of the t a i l  are such as t o  p ~ ~ & u c  e a 
mall decrease of C with Cng1.e of at-tack, (See reference 1.) 

It is believed, howe-ser, thak BB the mrgle of at tack is increased 
the  center  of pressure of the vortical t a i l  f a  lowered with r e q e c t  
t o  the  ceDter of gravity of the a i r p a r e  and thus has the predomluate 
e f f ec t  on the decrease of 2Cql 

zQ 

Jt 
Flap deflection resulted i n  negative dihedral   effect  due t o  

the v e r t i c a l  tail throughout tho  range 02 angle of attack  inveati-  
gated. (See fig. 9.) While the ~oaeon f a r  this ckange i n  the 
increment of C7,$ due t o  the verticEa:L tail with f lap   def lec t ion  
is not  apparsnt, it l e  believed that chmge i n  flaw conditione 
a t  t h e   t a i l  due t o  f l a p  d e f l e c t i m  m y  be the cause f o r  this change, 

Effects ci' Propeller Operation 

The salrles of C2 of the ccrmgdete a i q l a n e  wi3h the pro- 
'$ 

peller operating were cbtained froin flgdre 6 and a r e  l i a t e d  i n  
table I and. are coqared with tho values of  C fo r   the  arrgiane 
w i t h  the propeller removed. For the air@&% kdth the flaw 
re t rac ted  and deflected w", propeller o p r a t i o n  decreased the 
values OP cZllr a t  ang1e.E of yaw between f5O f o r  all t h e  conditions 
investigated.  With the f iaps  rctracter? a sUght increase i n  
e f fec t ive  dihedml v i t h  m-gle of a t t ack  was noted. Theae  r e su l t s  
are not what would nwrr?al?y be expected  Irasiiuch as rreviouely 
pubfished esta foi. thiR sira,?l,sne End dnte  for other airplcc.sles 
of similar type  ind2cate a docruaae in ef fec t ive  dihadru::. with 
increasing angle of attack. With the flaps deflected 50°, the 
decrea~e of eff.sctive dihearal due t o  propeil.er operation w u  
cbortt 0.0001 f o r  tbe landing conciit2on ( i d l i n g  power, T, = 0,01), 
about 0.0007 f o r  t h e  approach conditlon (0.65 ra ted power, 
Tc = 0.33), an& about 0.0009 f o r  the we..m-o,Pf ccndi t ion  ( ra ted 
power, Tc = 0.31), as aho-sn i n   t a b l e  I 

The decrease i n  e f fec t ive  dihedral cause& by prcpei ler  opera- 
tion is due mainly t o  t h e  f a c t  tha t ,  vhen the a i r p h n e  is yhwed, 
the s l i p a t r s m  is deflected over the trsilin&wina ~ m 3 l  which 
increases the 6ynamlc press~me, an4 consoquentLy, the l i f t  of the 
t r a i l i n g  w b g .  This increased t m i l i n e w i n g   l i f t  produces r o l l i n g  
moments vkich tend t o  d.ecreaGe the effective  ciihedral, The 
rcj-lational com2csent of the   propel ler  slipstreein tende to   increase 
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the   effect ive dihedral a8 indicated by the sidewaah angle values 
given in reference 1; however, t3ts e f fec t  i s  overbelanced by 
the slipetrsnm action on t h e  yaw& Ping &a shown i n  t ab le  I. 
Thaae e f l e c t s  a r e  lerger with the f ia .pd dafiected bemuse the  l i f t  
increment due t o  t3s propl lez  ellpatree21 over the w i n g  w'th f Laps 
def'lectsd is greater  than a i t h  the i'hy r s t m c t e e .  
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De.ta ere presented of' mssuremente made i n  t h e  Lane1 SJ full- 
scale tuIlnel on a t y p i c e l  f ighter- type afrplrne to  investigate 
the fac tors   a f fec t ing  the r a t e  of chmge of r o l l k g  moment with 
yaw of a f ighter-t,To ai-qlme Altho:,& these data are quanti- 
tative f o r  th?.s particular airplane, t h e  trends ars believed t o  
be generally ayplicab1.e to reaeonably similar si rplanes The 
r e s u l t s  are summarized aa Pollova: 

3 .  With $Le f l a y  bcth r e t r m t e d  and deflected 50°, t h s  wing- 
fuealage combiration  with the p o p o l l e r  removed hzd posi t ive 
dihedral e f f ec t  at angles o f  YE? bot:,aon I S o  which fncreaaed 
coneiderably Ttith hcreas3.rq angle of at tack,  

2. Flap &eflection docreased the lateral- ,atabil i ty 
parmeter C2,!, of the  winefuaelage conbination with p r q e l l e r  

removed sl,i.@tly at mall angles of yaw as cnrpared wi th  that 
obtained with f lape retractel:. 

3 .  For the airylazle v i th  the p o p l l e r  removeJ. md w2th f h p e  
retracted,  the contribution of the v e r c i c a l  tc i l  t o  C 

decrcesed from about 0,0002 a t  a, I= 1.0' t o  about zero for angles 
of a t tack  greater thm 0.9'. Flap deflection resul ted in nogative 
dihedral   effect  duo t o  the vertical tail throl;&out the range Oi' 
angle of attack investigated. 

$9 

" 

.. 

... 

. 

4. Propeller opemtion decremed the lateral s t a b i l i t y  
paramgter of the airplane E t  small angLes of yaw for a l l  the con- 
di t ions  investigated. With the f h p c  re t racted the  a f f e c t  of 
propeller operation xa3 small; hmever, xith the flaps dsflec- 
tea 50' the decreaao of effective  ciihedral d m  t o  propeller 
.operation waB about O.OCO1 for the 1md.ing condition, 



about 0 .COOT f o r  the lending-epproach condition, and about 0,OOOg 
Por the wave-off condition. 
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C Limb 

C l i m b  

C l a b  

Climb 

Glide 

Lading approach 

Wave off 

%anding 

j a 1  \ f l  t 

6f 
(des)  Propeller P r o p e l l m  

(a> - 
opeyatiug reploved 

0 0.0005 0 .ow2 
0 .  .0033 .om3 

0 .0002 0 

0 0 0 

0 0 0 

50 -. 0002 -.0003 

50 - .OOOl -.0003 1 
50 I -.om6 1 -.ooo4 
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Wing area  (including  aileron4  flaps, and > 
Confrol surface  areas: E 

Full flap  area (NACA slof led). ...... ,398sq ff q 
Tofal borizohtal tail surface  area . , 7784 sq ff P 
Fin area  (incl. 1.9 sq f f   of contained r 

Rudder area aft of hinge P 

Z' 
48.5sq ft of  body area) . . . . . . . . . . . . . . . . .  .334sq ff 

rudder balance). . . . . . . . . . . . . . . . . . .  J4.4 sq ff 

(incl. 0.62 sg f f  of  tab). .9.Osqff 
03 

. . . . . . . . . . . .  

Engine. . . . . . . .  Praf t and Wbifney R-2800-27 
BHP normal  ra  fing, 1600 at 2400 rptn at 5700 ft 
Hamilfon  Sfandard Hydromatic Propelle5 

Propeller gear ratio, 2:l 
Gross weight, ll,400 lb 

Blade Design 650lA-0 

Fuselage refereme IIRO 1 

Figure 1.- Three-riew drawing of the airplum. 
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(a) Front view 

Mgure 2.- Airplane mounted for tests in the Langley full-scale tunnel. 
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(b) Side view. 
Hgwe 2.- Concluded. 
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Figure 3.- Three -qde r  side view of airplane with vertical tail removed and tall 
fairing Installed. 
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Fig. 5 NACA W No. L6L18 
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NACA FLM No. L0L18 Fig. 6a 



Fig. 6b NACA RM No. L6L18 



NACA RM No. L6L18 Fig. 7a 



Fig. 7b NACA RM No. L6L18 

r 



't 

NACA RM No. L6L18 Fig. 8 



Fig. 9 ,  NACA RM No. L6L18 
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